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An antigen detection assay for severe acute respiratory syndrome (SARS) coronavirus was established in this 
study by an indirect immunofluorescence test, which utilized cells derived from throat wash samples of patients 
with SARS and a rabbit serum that recognized the nucleocapsid protein of SARS-associated coronavirus 
(SARS-CoV) but not that of other human coronavirus tested. It detected SARS-CoV in 11 of 17 (65%) samples 
from SARS patients as early as day 2 of illness but in none of the 10 samples from healthy controls. Compared 
with other diagnostic modalities for detecting SARS-CoV, this assay is simpler, more convenient, and eco- 
nomical. It could be an alternative for early and rapid diagnosis, should SARS return in the future. 


Severe acute respiratory syndrome (SARS) is an emerging 
infectious disease that spread in 2003 in >30 countries, includ- 
ing China, Singapore, Vietnam, Canada, and Taiwan (11, 23). 
The etiological agent is a novel coronavirus (CoV), the SARS- 
associated CoV (SARS-CoV) (3, 6, 11, 13). Because of the 
relatively high transmissibility of SARS, early identification 
and prompt isolation of cases is one of the most important 
measures for controlling the disease (11, 26). Nowadays, vari- 
ous laboratory diagnostic modalities such as virus isolation, 
reverse transcriptase-PCR (RT-PCR), antigen detection, and 
serological tests have been developed for the diagnosis of 
SARS-CoV infection (11, 27). Since antibody against SARS- 
CoV was found to be detectable at least 10 to 28 days after the 
onset of illness, detection of viral components appears to be 
the best option for early diagnosis (5, 12, 22, 27). Virus isola- 
tion is insensitive and time consuming, and it requires special 
expertise and a biosafety level 3 facility (3, 6, 13, 19). The 
RT-PCR assay is sensitive, but it requires a thermal cycler for 
conventional PCR or more sophisticated machines for real- 
time PCR (1, 7-9, 14, 16, 21, 28, 29). Recently, the nucleocap- 
sid (N) protein of SARS-CoV was reported to be detectable in 
sera of SARS patients by a capture enzyme immunoassay, 
demonstrating the feasibility of an antigen detection assay for 
SARS-CoV (2). Previously, we reported that SARS-CoV RNA 
could be detected in cells derived from throat wash samples of 
patients with SARS at an early stage of infection (21). In this 
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study, we used the cells derived from throat wash samples of 
SARS patients and the polyclonal serum from a rabbit immu- 
nized with the N protein to establish an antigen detection assay 
for SARS-CoV. 

The study included 17 adult patients, who met the clinical 
case definition of probable SARS and were admitted to the 
emergency department of the National Taiwan University 
Hospital between 16 April 2003 and 1 May 2003, during a 
2-week period of the SARS outbreak in Taipei, Taiwan (21, 
24). The diagnoses of all patients were confirmed by laboratory 
tests as described previously (21). The first day of fever is 
defined as day 1 of illness. With the patient’s consent, throat 
wash samples with gargling of 10 ml normal saline were col- 
lected in an airborne isolation room according to the guide- 
lines for aerosol-generating procedures (18). All samples were 
transferred to a biosafety level 3 laboratory and stored at 
—80°C until use (19). 

After thawing, 5 ml of the throat wash samples was centri- 
fuged at 1,500 rpm for 15 min to separate the supernatant and 
the mucus cell pellet. After the supernatant was collected, the 
remaining 1-ml portion of the mucus cell pellet was treated 
with an equal volume of 1% N-acetyl-L-cysteine (NAC) 
(Sigma, Saint Louis, MO) at room temperature for 25 min and 
centrifuged at 1,500 rpm for 15 min to further separate the cell 
pellet from the supernatant. The supernatant was removed, 
and the remaining 0.88-ml portion was collected as the NAC- 
treated cells of the throat wash sample, which were then spot- 
ted onto 12-well slides. After being air dried in the biosafety 
cabinet, fixed with cold acetone at —20°C for 20 min, blocked 
with 1x phosphate-buffered saline (PBS) containing 10% bo- 
vine serum albumin (USB, Cleveland, OH) at 37°C for 40 min, 
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FIG. 1. Detection of SARS-CoV in the cells derived from throat wash samples of SARS patients by an indirect immunofluorescence assay. (A 
to C) Untreated (A and B) and NAC-treated (C) cells derived from throat wash samples from a healthy control were incubated with 1x PBS (A) or 
anti-mucin 5AC monoclonal antibody (Santa Cruz Biotechnology, Santa Cruz, CA) (B and C), followed by FITC-conjugated anti-mouse 
immunoglobulin G. (D and E) SARS-CoV-infected Vero E6 cells were incubated with preimmune (D) or postimmune (E and F) serum from a 
rabbit immunized with the recombinant nucleocapsid protein of SARS-CoV (5), followed by FITC-conjugated anti-rabbit immunoglobulin G. 
(F) Magnification (400) of panel E. (G to L) NAC-treated cells of throat wash samples from a healthy control (G) and two patients (H to K) 
were incubated with the preimmune (H and J) or postimmune (G, I, and K) rabbit serum described above. (L) Light microscopic picture of panel 


K, taken with the fluorescent light on. 


and washed with 1x PBS, the slides were incubated with the 
first antibody at 37°C for 1 h. After being washed with 1x PBS, 
the slides were incubated with the second antibody at 37°C for 
1h. Details will follow regarding the antibodies used. After a 
final washing, drying, and mounting, the slides were observed 
under a fluorescence microscope. 

NAC is a mucolytic agent and is commonly used in treating 
mucins, which are large glycoproteins in the mucus and are 
known to be associated with cells derived from the respiratory 
tract (20). To examine the effect of NAC treatment, aliquots of 
untreated mucus cell pellets from some throat wash samples 
were prepared on spot slides and incubated with a monoclonal 
antibody (Santa Cruz Biotechnology, Santa Cruz, CA) directed 
against mucin 5AC, which is one of the major secreted mucin 
glycoproteins in the respiratory tract (20), followed by the 
second antibody. As shown in Fig. 1 A to C, large amounts of 
mucin were readily detected by the anti-mucin SAC monoclo- 


nal antibody in the untreated cells of throat wash samples (Fig. 
1B). After treatment with NAC, only small amounts of mucin 
were seen, demonstrating the mucolytic effect of NAC (Fig. 
1C). The NAC-treated cells of throat wash samples were thus 
used in the subsequent analysis. 

To develop an antigen detection assay for SARS-CoV, we 
used the previously described polyclonal serum from a rabbit 
immunized with the recombinant N protein of SARS-CoV as 
the first antibody in the indirect immunofluorescence assay 
(IFA) (5). As the reagent control, spot slides prepared from 
SARS-CoV-infected Vero E6 cells were incubated with the 
pre- or postimmune serum, followed by the second antibody, a 
fluorescein isothiocyanate (FITC)-conjugated goat anti-rabbit 
gamma globulin (Pierce Biotechnology, IL). The results re- 
vealed that SARS-CoV-infected VeroE6 cells can be detected 
by the postimmune serum but not by the preimmune serum 
(Fig. 1D to F), demonstrating the specificity of the rabbit 
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TABLE 1. Detection of SARS-CoV in cells derived from throat wash samples by an indirect immunofluorescence assay 


Virus load in throat wash 


Subject no. Diagnosis* Sampling day’ Result of IFA® samples (copies/ml)? 
1 Probable SARS d2 Positive 1.58 x 10° 
2 Probable SARS d3 Positive 4.69 x 10° 
3 Probable SARS d3 Positive 1.56 x 10° 
4 Probable SARS d3 Positive 2.39 x 104 
5 Probable SARS d3 Positive 3.56 x 10° 
6 Probable SARS d4 Positive 2.88 X 10° 
7 Probable SARS d4 Negative 1.32 x 10° 
8 Probable SARS d4 Positive 3.98 x 10° 
9 Probable SARS d4 Negative 3.56 X 10° 
10 Probable SARS d5 Negative 8.10 x 103 
11 Probable SARS d5 Positive 4.10 x 10° 
12 Probable SARS d6 Positive 2.46 x 10° 
13 Probable SARS d6 Negative 2.22 x 10° 
14 Probable SARS d6 Negative 9.73 X 10? 
15 Probable SARS d7 Negative 1.74 x 103 
16 Probable SARS d8 Positive 5.93 x 10° 
17 Probable SARS d9 Positive 9.58 x 10? 
18 Healthy control Negative Undetectable 
19 Healthy control Negative Undetectable 
20 Healthy control Negative Undetectable 
21 Healthy control Negative Undetectable 
22 Healthy control Negative Undetectable 
23 Healthy control Negative Undetectable 
24 Healthy control Negative Undetectable 
25 Healthy control Negative Undetectable 
26 Healthy control Negative Undetectable 
27 Healthy control Negative Undetectable 


“ Patients of probable SARS were diagnosed according to WHO clinical definitions (24). 


’ Sampling day 2 (d2) is the second day of fever. 


© An IFA was carried out on cells derived from throat wash samples using a rabbit serum against the N protein of SARS-CoV (5). 
4 Virus load in throat wash was determined by a quantitative real-time RT-PCR assay as reported previously (21). 


serum. NAC-treated cells of throat wash samples from two 
SARS patients, subjects no. 1 and no. 6, were next subjected to 
IFA. As shown in Fig. 1H to K, the postimmune serum but not 
the preimmune serum reacted with the cells with a speckled 
pattern. The identity of these cells as epithelial cells was sup- 
ported by their size and morphology under light microscope 
(Fig. 1L). Only background signal was observed in the cells 
prepared from a healthy control, subject no. 18 (Fig. 1G). 
The IFA was then employed in the NAC-treated cells of 
throat wash samples from other 15 SARS patients and 10 
healthy controls. Compared with the cells incubated with the 
preimmune serum, cells incubated with the postimmune serum 
that showed typical apple-green intracellular fluorescence of a 
speckle pattern were scored as positive cells. For each sample, 
10 fields were examined under a magnification of «200, cor- 
responding to approximately 300 cells, and 3 or more positive 
cells were found in each positive sample. The results are sum- 
marized in Table 1. As expected, SARS-CoV was not detected 
in cells derived from healthy controls. In contrast, SARS-CoV 
was detected in cells of throat wash samples in 11 of the 17 
patients, corresponding to a positive rate of 65%. The sam- 
pling day of the 11 positive specimens ranged from day 2 to day 
9 of illness. There was no correlation between the IFA posi- 
tivity and sampling day (P = 0.202; Mann-Whitney test). Since 
the virus load in throat wash samples of these 17 cases has been 
reported previously (21), the relationship between the IFA 
positivity and virus load in throat wash samples was compared 
(Table 1). While the IFA positivity was not significantly cor- 


related with virus load (P = 0.078; Mann-Whitney test), there 
was a trend of increasing IFA positivity as the virus load in- 
creased. 

SARS is believed to be transmitted primarily by dispersal 
of and contact with respiratory droplets (24, 26). Several 
respiratory specimens, including nasopharyngeal aspirates 
or swabs, throat swabs, throat wash samples, bronchoaveolar 
lavage, and sputum, have been investigated by various 
groups for early detection of SARS-CoV (3, 6, 11-13, 16, 17, 
21, 25, 28). The methodology utilized was primarily an RT- 
PCR assay, which requires expensive and sophisticated ap- 
paratus. An antigen detection assay for the respiratory spec- 
imens has not been reported previously. In this study, we 
developed a simple, convenient, and economical antigen 
detection assay for SARS-CoV by using cells derived from 
throat wash samples of SARS patients and a rabbit serum 
against N protein. The observation that the N protein can be 
detected in the epithelial cells from throat indicated that 
SARS-CoV can replicate in the upper respiratory tract. This 
finding resonates with previous observations of replication 
of SARS-CoV in the lower respiratory tract, including the 
bronchial tree and lung (6, 10, 13). 

The sensitivity of various RT-PCR assays for SARS-CoV 
ranged from 32% to >79%, depending on the timing, type, and 
number of specimens collected (11, 12, 16, 21, 22, 28, 29). The 
sensitivity of detecting the N protein in sera was recently re- 
ported to be 50% and 71% for samples collected between day 
3 and day 5 and between day 6 and day 10, respectively (2). 
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Based on our study with a small sample size, this assay can 
detect SARS-CoV in 65% of samples collected between day 2 
and day 9 of illness from SARS patients but in none of those 
from the healthy controls. Of note was that 7 of the 11 positive 
samples were collected between day 2 and day 4 with a detec- 
tion rate of 78% (7 out of 9) during this period (Table 1), 
suggesting a promising feature of this assay in early diagnosis. 
Future studies with more cases as well as sequential samples 
are needed to further evaluate the sensitivity of this assay and 
determine the time period in which SARS-CoV can be de- 
tected by this assay. The specificity of the rabbit serum to the 
N protein of SARS-CoV was supported by the Western blot 
analysis, in which the recombinant N protein of SARS-CoV 
but not that of 229E, a common human coronavirus, was rec- 
ognized by this serum (reference 5 and data not shown). This 
is also consistent with the low degree of amino acid similarity, 
21% to 33%, between the N proteins of SARS-CoV and three 
other human coronaviruses (OC43, 229E, and NL [Nether- 
lands] strains) (2, 4, 15, 22). Several rapid antigen detection 
assays using respiratory specimens have been successfully de- 
veloped for other respiratory pathogens, such as respiratory 
syncytial virus, influenza virus, and Chlamydia pneumoniae. 
The turnaround time of the assay was estimated to be 5 h. 
Identification of monoclonal antibodies and direct conjugation 
with fluorescence dye in the future may improve this assay as a 
rapid diagnosis test by shortening the turnaround time. In 
brief, compared with the current methods for detecting SARS- 
CoV, such as virus isolation and RT-PCR, our IFA is simpler, 
more convenient, and less expensive. If SARS reemerges in the 
near future, our assay can be an alternative method for the 
early and rapid detection of SARS-CoV, especially in countries 
where RT-PCR or a virus isolation method is not available. 
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